Abstract A novel apoptosis inducer, thioviridamide, was isolated from an actinomycete identified as Streptomyces olivoviridis. The molecular formula of thioviridamide was determined to be C 56 H 93 N 14 O 10 S 7 ϩ from high-resolution FAB-MS. The structure of thioviridamide was analyzed by NMR spectral analysis including a variety of twodimensional techniques. COSY and HMBC experiments revealed the presence of a 2-hydroxy-2-methyl-4-oxopentanoyl group and eleven amino acid residues including two novel amino acids, b -hydroxy-N 1 , N 3 -dimethylhistidinium and S-(2-aminovinyl)cysteine.
Introduction
In the course of screening for apoptosis inducers in transformed cells, a new active substance, thioviridamide (1, Fig. 1 ), was isolated from the fermentation broth of an actinomycete identified as Streptomyces olivoviridis. Thioviridamide induced apoptotic cell death selectively in 3Y1 rat fibroblasts transformed with adenovirus oncogenes. In the preceding paper [1] , we have described the fermentation, isolation, physico-chemical properties and biological activities of 1, as well as the taxonomy of the producing organism. This paper describes the structure elucidation of 1.
Results and Discussion

Structure Elucidation
The molecular formula of thioviridamide (1) (Table 1) . COSY and heteronuclear multiple-bond correlation (HMBC) [3] experiments revealed proton spin networks and 1 H-13 C long-range correlations as shown in Fig. 2 . These data identified two alanine residues (Ala 4, Ala 5), an isoleucine C NMR data for Met' are closely similar to those of methionine. The lack of methionine and the low recovery of valine and alanine might be ascribed to the resistance of thioamide bonds to acid hydrolysis.
In the HMBC spectrum, Five amide bonds between ValЈ and HMOP, between Ile and avCys, between Ala 5 and Ile, between Leu and Ala 5, and between hdmHis and Leu were identified by threebond couplings from a-methine protons to amide carbonyl carbons (Fig. 4) . In this analysis, a CT-HMBC [4] experiment enabled us to distinguish the two overlapping a -methine protons (Leu: (Fig. 4) needed to be directly joined from the molecular formula of 1. Negative ninhydrin reaction for 1 required an amide linkage between avCys and Ala 4 to establish the planar structure of 1 as shown in Fig. 1 .
Thioviridamide (1) is a unique cyclic peptide containing five thioamide bonds and novel amino acids, b -hydroxy-N 1 ,N 3 -dimethylhistidinium (hdmHis) and S-(2-aminovinyl)cysteine (avCys). Thioamide-containing natural products, (4-methoxyphenyl)-N-methyl-2-oxothioacetamide [6] and cycasthioamide [7] have been isolated from a tunicate Polycarpa aurata and a cycad Cycas revoluta, respectively. Each of these compounds, however, contains only one thioamide group. The unique structural features of thioviridamide combined with its interesting activity make it a possible candidate for anticancer therapeutics and expand the area of natural product chemistry. Stereochemical studies on thioviridamide are in progress.
Experimental
General
Mass spectra were measured on a JEOL HX-110 spectrometer in the FAB mode using m-nitrobenzyl alcohol as matrix and polyethylene glycol as internal standard. IR spectra were recorded on JASCO FT/IR-470plus spectrometers. NMR spectra were obtained on a JEOL JNM-A500 spectrometer or a Varian INOVA 500 spectrometer with 1 H NMR at 500 MHz and with 13 C NMR at 125 MHz. Chemical shifts are given in ppm using TMS as internal standard. HMQC and HMBC spectra were measured using pulse field gradient programs.
Amino Acid Analysis A 6 M HCl solution of 1 (2.4 mg) was heated at 110°C for 24 hours. After evaporating, the residue was dissolved in 25 ml of water, and 50 m l of the solution were analyzed using a Hitachi 835 amino-acid analyzer. 
